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For white light emitting diode (LED) based solid-state lighting technologies, phosphor is one of the 
key materials. Especially in order to improve the color rendering properties of the white LED, 
development of novel red phosphor materials is quite important. Recently crystals including d
3
 transition 
metal (TM) ions such as Cr
3+
 and Mn
4+
 have been drawing attention as promising candidates for the red 
phosphor materials. In this study, in order to establish the guidelines to control the absorption and 
emission wavelengths of the red phosphor materials, the practical multiplet energy level diagrams for Cr
3+
 
and Mn
4+
 under Oh symmetry, D4h symmetry, and D3d symmetry were created based on the first-
principles calculations.  
The first-principles calculations of multiplet energy levels were performed using the Discrete 
Variational Multi-Electron (DVME) computation code developed by Ogasawara et al., [1], which is a 
configuration-interaction calculation program based on the discrete variational Xα (DV-Xα) method. The 
configuration dependent correction (CDC) and correlation correction (CC) were also considered. In order 
to create the various energy level diagrams, the calculations were performed using the TMO6 (TM= Cr 
and Mn) model clusters consisting of seven atoms with different bond lengths and different degree of 
distortion. 
The theoretical multiplet energy level diagrams were created based on the first-principles 
calculations for the CrO6
9-
, CrF6
3-
, MnO6
8-
, MnF6
2-
 clusters under Oh symmetry with and without CDC 
and CC. The results without CDC and CC show that the 
2
Eg energies clearly increase as the bond length 
decreases. This tendency is inconsistent with the experimentally observed pressure dependence of the R-
line emission energy of ruby. In contrast, in the results with CDC and CC, the tendency of the 
2
Eg 
energies is reversed and they clearly decrease as the bond length decreases. Therefore the results 
indicated that consideration of the CDC and CC is critical for the prediction of the R-line emission energy 
based on first-principles calculations. The practical multiplet energy level diagrams for CrO6
9-
, and 
MnO6
8- 
under D4h symmetry or D3d symmetry were also created and investigated in detail. These 
diagrams are expected to provide useful information for the theoretical search of novel red phosphor 
materials for white LED.  
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